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CARDIAC  ARRHYTHMIAS  IN  EXPERIMENTAL  SYNCOPE 


Fifty  young,  apparently  healthy  aviation  caJets  in  preflight  training  were  evaluate ; 
with  tegaril  to  ayncope.  Tliirty  percent  of  these  subjects  admitted  that  they  had  expe- 
rienced previous,  undisclosed  syncope,  when  they  were  not  in  fear  of  detectivtn  or  temovul 
from  the  training  program.  Twenty-one  of  the  cadets  experienced  experimental  syncope 
during  the  syncope  procedures.  Cardiac  arrhythmia  was  frequently  assoc- sSed  with  the 
syncopal  episode  and  cardiac  arrhythmia  was  frequently  induced  by  respiratory  maneuvers 
without  syncope,  intravenous  .administration  of  atropine  a^arently  prevented  recurrence 
of  cardiac  arrhythmia  induced  by  respiratory  maneuvers.  >ignific.int  cardiac  arrhythmia 
was  also  noted  in  simple  orthostatic  syncope. 


Loss  of  consciousness  presents  a serious 
problem  in  modem  aviation  and  in  critical 
areas  of  indui-rrv-  Syncope  is  commonly  seen  at 
the  blood  banV,  during  inoculations,  in  the  den- 
list's  chair,  tad  during  moments  o.  stress.  Al- 
though it  often  occurs,  little  information  is 
available  concerning  the  likelihood  of  its  re- 
currence in  any  individual  or  its  actual  cela- 
tionship  to  experimental  syncope.  It  is  common 
practice  to  study  the  problem  of  syncope  with 
orthostatic  measures  utilizing  the  tilt-table  or 
eliciting  well-known  reflexes  such  as  tht  re- 
flex resulting  from  carotid  sinus  massage. 

Interest  in  this  problem  began  with  the  dis- 
covery of  significant  cardiac  arrhythmias  oc- 
curring with  simple  respiratory  maneuvers  (1, 
2).  Some  of  these  were  associated  with  syn- 
cope. The  respiratory  system  must  make  con- 
stant adaptations  to  changes  in  the  environment 
associated  with  flight'  and  altitude  exposure. 
This  facet  of  information  as  related  to  syncope 
seemed  worthy  of  further  exploration.  Eighty- 
two  apparently  healthy  persons  who  were  en- 
gaged in  flying  activity  and  who  had  experi- 
enced syncope  were  studied,  55  of  these  with 
special  procedures  (5).  It  was  impressive  to 
note  the  number  of  cardiac  arrhythmias  that 
occurred  in  this  series  and  it  was  cquatlv 
impressive  to  note  the  relation  of  cardiac 
arrhythmias  to  the  experimental  production  of 
syncope.  Of  the  group  studied  by  experimental 
procedures,  breathing  maneuvers  such  as  breath- 
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holding  at  the  height  of  inspiration  and  breath- 
holding following  hyperventilation  were  most 
rewarding  in  illustrating  the  relation  of  cardiac 
arrhythmia  to  syncope.  In  the  previous  study, 
all  the  subjects  evalu.*ted  had  admitted  to  epi- 
sodes of  syncope,  thereby  placing  their  future 
flying  careers  in  jeopardy.  It  was  felt  that  it 
would  be  informative  to  study,  by  a similar 
battery  of  tests,  a group  of  young  flying  per- 
sonnel who  had  previously  denied  having 
experienced  syncope.  This  would  also  provide 
an  opportunity  to  more  carefully  evaluate  the 
role  of  atropine  both  in  creating  and  in  pre- 
venting syncope  in  such  a group.  .Atropine  was 
used  in  only  a few  instances  in  the  previous 
study. 

METHODS  AND  MATERIALS 

Fifty  healthy  cadets  in  preflight  training 
were  brought  to  the  School  of  Aviation  Medicine 
for  syncope  evaluation.  They  were  volunteers 
who  were  told  only  that  they  would  .serve  as 
experimental  subjec's  for  tests  at  the  School  of 
Aviation  Medicine.  The  nature  and  purpose  of 
tests  were  not  disclosed  in  advance.  As  an  in- 
centive, each  subject  was  guaranteed  extra 
time  off  from  duty.  The  c.adets  representeil  a 
relatively  young  age  group.  Their  ages  ranged 
from  19  years  to  27  ye,irs,  the  average  being 
21.1  years. 

All  of  these  individuals  ha-1  been  previously 
examined  .tnd  all  h.-»d  denied  previous  syncopal 
episodes  in  or<lcr  to  gain  admittance  to  the 
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AvtatioR  Cadet  Flyin|;  Training  Ptogran?.  They 
were  subjected  to  a batte.-y  of  special  proce- 
dures to  test  the  cardiovascular  system.  This 
included  observation  of  the  patient's  blood 
pressure,  pulse,  symptoms,  and  signs  at  rest 
and  on  a tilt-table.  The  subjects  performed 
breathing  maneuvers  which  included:  (1)  breath- 
holding at  the  height  of  maximum  inspiration 
without  bearing  down;  (2)  prolonged  breath- 
holding; (3)  hyperventtiation;  and  (4)  breath- 
holding  following  hyperventilation.  These 
maneuvers  were  repeated  with  the  subject  in 
the  standing  and  in  the  recumbenr  positions. 
The  carotid  .sinuses  weie  massaged  for  15  sec- 
ond.e  and  the  subject  underwent  a 15-minute 
orthostatic  tolerance  test  on  the  tilt-table. 
Following  these  procedures,  the  subject  re- 
ceived atropine,  grain  "id  the  respiratory 
maneuvers  were  repeated. 

Each  subject  v.as  identified  by  a number 
which  he  had  drawn  from  a hat.  He  was  assured 
that  no  attempt  would  be  made  to  identify  the 
number  with  his  name.  He  was  then  asked  to 
rei.ort  whether  he  had  truly  had  any  syncopal 
episodes  in  the  past  and  what  the  circum- 
stances surrounding  these  were.  The  purpose 
of  this  was  to  detect,  if  possible,  the  number 
of  individuals  entering  a flying  training  pro- 
gram who  intentionally  suppressed  information 
relative  to  previous  syncopal  episodes  in  order 
to  be  accepted. 

RESULTS 

One  of  the  most  interesting  facets  of  this 
study  was  learning  the  true  incidence  of  syn- 
cope in  such  a group.  Of  the  50  aviation  ca- 
dets, 15  admitted  to  previous  undisclosed 
syncope. 

During  the  experimental  procedures,  21  of  the 
subjects  had  one  or  more  syncopal  episodes, 
or  near  enough  to  syncope  to  stop  the  precipi- 
tating cause.  Of  the  group  having  experimenti?! 
syncope,  15  had  significant  cardiac  arrhythmias 
associated  with  the  syncopal  episode.  Two  of 
the  subjects  having  cardiac  arrhythmias  asso- 
ciated with  syncope  also  had  a significant  drop 
in  blood  pressure  at  the  onset  of  the  arrhythmia. 
In  7 subjects,  breath-holding  produced  syncope 
with  arrhythmia.  One  subject  had  syncope  with 
arrhythmia  secondary  to  breath-boiding  fol- 
lowing hyperventilation.  In  5 subjects,  carotid 
sinus  stimulation  produced  arrhythmia  asso- 


ciate<l  with  syncope.  Five  of  the  15  subjects 
had  syncope  associated  with  arrliythmia  due  to 
orthostatic  influences.  This  group  represented 
all  cases  of  syncope  due  to  ortho.static  influ- 
ences. The  apparent  di.screpancy  in  numbers  is 
due  to  the  fact  that  a few  subjects  had  syncope 
from  more  than  one  precipitating  factor. 

Syncope  may  occur  with  breathing  maneuvers 
in  the  absence  of  apparent  significant  cardiac 
arrhythmia.  There  were  II  subjects  in  all  who 
had  syncope  with  breath-holding  maneuvers  and  j 

an  additional  subject  who  had  .syncope  with  i 

breath-holding  following  hyperventilation.  Often  i 

the  syncopal  episode  occurred  during  the  re-  j 

covery  phase  after  breath-ftoiding.  The  true 
tkcidence  of  syncopal  episodes  which  might  be 
precipitated  by  such  teaching  maneuvers  is 
slightly  higher  than  this,  as  those  individuals 
who  had  strong  orthostatic  influences  were 
sometimes  exempted  frf'm  the  remainder  of  the 
experimental  protocol.  This  procedure  was 
followed  because  fhese  individuals  coulci  not 
be  properly  evaluated  concerning  their  response 
to  specific  stimuli.  In  9 of  the  21  subjects, 
syncope  could  be  induced  with  carotid  sinus 
massage  (5  associated  with  cardiac  arrhythmia 
and  4 without  arrhythmia).  Svneope  commonly 
occurred  after,  rather  tha.'t  during,  massage. 

In  5 of  the  subjects  syncope  could  be  induced 
by  orthostatic  influences  (all  5 were  associated 
with  arrhythmia). 

Of  the  15  cadets  who  admitted  havi  had 
syncopal  episodes  which  they  had  not  previ- 
ously disclosed,  7 developed  experimental 
syncope  during  the  procedure.  This,  of  course, 
means  that  ft  other  subjects  who  had  previous 
cliniral  syncope  had  no  syncopal  episodes 
during  the  experimental  procedures.  Fourteen 
subjects  who  experienced  syncope  under  ex- 
perimental conditions  denied  any  previous  epi- 
sode of  clin'cal  syncope. 

None  cf  the  i'jcid'^.nts  of  syncope  in  this 
series  were  induced  by  having  the  subjects 
holding  the  breath  at  the  height  of  inspiration. 

All  syncopal  episodes  secondary  to  breathing 
maneuvers  were  due  to  prolonged  breath-holding 
and/or  breath-holding  following  a period  of 
hyperventilation.  Breath-holding  following  hy- 
perventilation commonly  product  effects  simi- 
lar to  those  caused  by  prolonged  breath-holding. 
Therefore,  it  is  list^  in  a separate  category 
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only  when  it  alone,  as  an  additional  stress 
mechanism,  induced  a syncopal  episode. 

Of  the  50  subjects  undergoing  the  experiment 
tal  syncope  procedures,  37  demonstrated  some 
form  of  cardiac  arrhythmia.  In  22  instances,  the 
cardiac  arrhythmia  occirred  without  subsequent 
syncope.  More  than  one  form  of  stress  was 
capable  of  producing  arrhythmia  in  a number  of 
the  individuals,  in  26  subjects,  cardiac  arrhyth* 
mia  of  some  type  could  be  induced  by  breath- 
holding  and  by  breath-holding  following  hyper- 
ventilation. In  2 anditioRai  cases,  car^ac 
arrhythmia  was  induced  onl<  by  breath-holding 
following  hyperventilation.  Twenty-eight  of  the 
cadets  had  some  form  of  cardiac  arrhythmia 
following  one  of  the  respiratory  maneuvers. 
Eight  cadets  demonstrated  cardiac  arrtiythmias 
following  carotid  sinus  massage.  Five  cadets 
developed  cardiac  arrhythmia  associated  with 
orthostatic  stress.  It  is  interesting  to  note  that 
of  the  7 subjects  who  had  a previous  clinical 
episode  of  syncope  as  well  as  having  syncope 
during  the  experimental  routine,  6 had  syncope 
secondary  to  breath-holding  and  1 subject  ex- 
perienced it  because  of  orthostatic  influences. 

In  30  instances  in  which  a cardiac  ar^.ythmia 
was  induced  by  respiratoty  maneuvers,  atropine 
was  administered.  Following  adequate  atropini- 
zatioo  (iq>proximately  6 minutes  after  intrave- 
nous 'njection  of  grain  % of  atropine),  cardiac 
arrhythmias  were  not  induced  by  any  of  the 
respiratory  maneuver .. 

A very  btief  summary  of  the  findings  in  the 
individual  cases  is  presented  in  table  I. 

DISCUSSION 

The  incidence  of  syncope  in  this  gro»o  of 
cadets  beginning  Hying  training  suggests  that 
the  reported  low  incidence  of  syncope  in  ca- 
dets is  entirely  fictitious  and  represents  a 
suppression  of  information  by  the  cadet  appli- 
cants in  order  to  be  admitted  to  * »e  program.  If 
a similarly  high  incidence  of  ;yncof  f should 
exist  in  all  c'  the  individuals  accepted  for  pre- 
flight traicin,^  it  may  be  assumed  chat  between 
18  and  42  percent  of  all  pilots  beginning  flying 
training  have  already  experienced  some  form  of 
clinical  syncope.'  Needless  to  say,  a large 

•kMTVad  aroaottioM  >>{  Vi  a«tcaii  ia  a aa«ai<  cali«a<c 
<ii  Ui<  trac  propoitio*  ia  die  wul  aoaalation  oC  a*lo''  ticciaaiaa 
flaiat  traiaias  Aa  aa<-k,  it  ia  aubi-n  'a  aaaiaii*a  eatiaiioa. 
Uaiaf  a ceafideacr  lalcr^  of  2,  ii  cia  be  caparted  ihat  dietc 
ia  oaly  t chaacc  ia  20  ibai  die  vac  aceaortioa  baeias  aa  cpi* 
aade  of  ayacnac  liea  below  IS  it  above  42  pcrceai. 


petcentage  of  these  individuals  complete  their 
flving  ttaining  and  carry  out  to  completion  a 
useful  hying  career. 

The  relatively  high  incidence  of  syncope  i« 
a normal  aviation  cadet  preflight  group  is  a 
strong  argument  against  the  concept  that  syn- 
cope itself  presents  an  underlying  disease 
state.  It  is  difficult  to  assume  that  30  percent 
of  our  highly  selected,  apparently  healthy 
young  men  have  an  underlying  disease  process 
or  disease  complex  which  might  prove  ha.ard- 
ous  tc  a career  in  flying  oi  in  crucial  industry. 

In  thi.s  series,  it  was  impressive  to  note  the 
high  incidence  of  cardiac  arrhythmias  asso- 
ciated with  ^yDCcpaI  episodes.  Cardiac  arrhyth- 
mias appeared  to  be  important  even  in  the 
presence  of  experimental  orthostatic  syncope. 
While  it  had  been  previously  noted  that  cardiac 
arrhythmias  were  important  in  syncope  induced 
by  respiratory  maneuvers  (2),  this  finding  in 
orthostatic  syncope  suggests  their  importance 
in  other  forms  of  syncope  as  well  (figs.  I and 
2).  Subjects  3,  17,  31,  33,  and  47  demonstrated 
significant  cardiac  arrhythmia  in  association 
with  their  syncopal  episodes. 

In  cases  >f  syncope  induced  by  carotid  sinus 
massage,  both  cardiac  arrhythmias  and  vaso- 
depressor response  were  commonly  presented 
(fig.  3). 

The  respiratory  maneuvers  presented  the 
largest  number  and  the  largest  variety  of  car- 
diac arrhythmias.  Passive  rhythms,  including 
atrial  rhy’hm,  A-V  dissociation  with  nodal 
rhythm,  and  lower  nodal  rhythm  were  commonly 
noted  (fig.s.  4 and  3).  One  episode  of  nodal 
tachycardia  was  olso  observed  (fig.  6). 

In  some  iit/%i.rices  cardiac  nrrhythinias  were 
distinctly  obv-ous  as  the  major  factor  precipi- 
rating  a syncopal  episode.  In  the  presence  of 
cardiac  ?rrest  with  no  cardirc  beat,  no  alter- 
native explanation  seems  fca.s'blc.  In  those 
cardiac  arrhythmias  which  revuhed  in  marked 
depression  of  the  cardiac  rau-,  r.  might  be  as- 
sumed that  the  accompanying  cardiac  arrhyth- 
mia in  the  presence  of  other  factors  was 
sufficient  to  create  syncope.  In  the  event  that 
any  decree  of  vasodepressor  syncope  is  present 
with  peripheral  arteriolar  dilatation,  progressive 
depression  of  the  cardiac  rate  further  compro- 
mises cardiac  output.  This,  in  turn,  "xn  be 
expected  to  lead  to  cerebral  ischemia  and  in- 
duce a syncopal  episo.-le.  As  indicated  in 
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S«bi*ct 


A 

Cliaical  history 

20 

None. 

20 

Syncope  following 
bilateral  carotid 
occlusion  and  syn- 
cope 3 hours  fol- 
lowing immunization. 

22 

None. 

22 

None. 

23 

At  age  13  be  fainted 
after  breaking  his 
finger. 

23 

None. 

20 

None. 

20 

None. 

20 

Syncope  at  age  12 
indu  *ed  by  dteat 
squeeze  durisg 
breath-holding  fol- 
lowing a period  of 
hyperventiladon. 

T\i«LK  I 

Clinical  itiijy  of  "iO  aviation  cadets 


esperimentat  fiadiags 


Bfeath'holding  cMiwd  a shift  of  (he  pacemaker  to  an  atrial  focus. 
Subsequent  to  atropinizatioii,*  breath-holding  failed  to  produce  a 
shift  in  cardiac  pacemakei. 

Breath-holding  caused  a shift  in  the  pacemaker  to  an  atrial  focus. 
Once  precipitated,  other  respiratoty  maneuvers  could  produce  a 
shift  in  the  pacemaker.  Taro  atrial  premature  contractions  arere 
noted.  Fotloaring  atropinizatioo,  no  arrhythmia  arns  noted. 

Breath-holding  resulted  in  sinus  bradycanlia.  Carotid  sinus  mas- 
sage caused  maAed  sloaring  to  38  beats  per  minute  associated 
with  a near  syncopal  episode.  Two  tiinutes  following  carotid 
sinus  massage,  the  ihyihm  changedi  nodal  rhythm,  then  to 
nonaat  <inus  rhythm,  then  to  A-V  dissociation.  Hyperventilation 
followed  by  breath-holding  induced  atrial  thydim.  Folloaring 
atropinization  no  changes  in  pacemaker  or  cardiac  rhythm  could 
be  induced. 


ject  ezpenenced  3 seconds  of  asystole  followed  by  escape,  fol- 
lowed by  anodier  6-seccnd  period  of  asystole  and  escape.  After 
recurrent  episodes  of  asystole,  the  patient  developed  nodal 
rhythm,  and  syncope  occurred. 

mmediately  following  left  carotid  sinus  massage,  (he  patient  felt 
weak  and  faint.  Two  minutes  later  he  developed  a period  of 
asystole  followed  by  syncope.  Asystole  was  terminated  by  ven- 
tricular escape  beat,  a short  period  of  atrial  flutter,  and,  finally, 
resumption  of  nonnal  sinus  rhythm.  Following  breath-holding,  A-V 
dissociation  wiri  nodal  rhythm  occurred.  Following  atropinizarion 
JO  arrhythmia  could  be  elicited  by  breathing  maneuvers. 


Following  prolonged  breath-holding,  there  was  a change  in  the  PR 
interval  to  0.06  second  with  upright  T-waves  in  all  leads.  Fol- 
lowing atropinization  breath-holding  produced  no  changes  from 
normal  sinus  rhythm. 

Prolonged  breath-holding  caused  change  to  an  atrial  focu».  At  the 
height  of  inspiration  with  breath-holding,  there  was  a period  of 
second-degree  A-V  block.  Prolonged  breath-holding  was  followed 
by  episodes  of  second-degree  A-V  block  and  syncope.  Following 
atropinization  breath-holding  produced  no  changes  kom  normal 
srous  rhythm. 
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TABLE  I (Cbntd.) 


&.  icct 
No. 

Age 

(years) 

Qioical  hiatory 

Eiperisieatal  findings 

10 

At  age  18  he  had 
syncope  during  a 
chest  scaieeze  in 
full  in^imtion  fol- 
lowing hyperven- 
tilation. 

Breath- holding  caused  a shift  to  an  atrial  focus  and  atrial  thy  dim. 
Breatn-holding  following  hyperventilation  induced  one  ventricular 
premature  contraaion.  Following  adequate  atropinization,  no 
arrhythmias  could  be  induced  by  breathing  maneuvers. 

11 

None. 

Following  breath-holding,  atrial  rhythm  appeared.  Following  atto- 
pinization  no  arrhythmia  could  be  induced. 

12 

22 

None. 

Following  bicath-bolding  there  was  a shift  in  the  pacemaker  to  n 
atrial  focus  followed  b;*  bradycariia  which  persisted  for  2*4  min- 
utes, then  A-y  dissociation,  nodal  rhythm,  and  syncope.  Following 
atropinization  no  arrhythmia  co-ild  be  induced  by  breathing 
maneuvers. 

13 

21 

Age  16.  He  had  been 
sitting  with  his 
feet  up  on  the  stove; 
he  got  vp,  yawned, 
and  passed  out. 

Breath-Folding  caused  a shift  in  the  pacetit.  :er  to  a secondary  atrial 
focus. 

14 

20 

None. 

Right  carotid  sinu-.'-  massage  caused  a change  in  the  pacemaker  to  a 
secondary  Mte.  Ti*©  minutes  following  massage,  the  patient  had  a 
near  syncopal  episode.  Breath-holding  caused  a sf.ift  in  the  pace- 
maker to  a !.econdary  atrial  focus.  Following  atropinization  no 
arrhythmia  could  be  induced  by  breathing  maneuvers. 

15 

22 

At  age  '0,  ht  had 
syncois  "ssociated 
with  »i\  'tatic 
hyperteo  w. 

On  release  of  breath  following  prolonged  breath-holding,  one  ventric- 
ular premature  contraaion  was  noted.  During  hyperventilation,  one 
ventncular  prematurity  was  noted  and  after  tilt  to  the  horizontel 
position,  one  atrial  premature  contrcction  occurred.  Following  ac*e- 
quate  atn^inization  so  arrhythmias  were  nottd. 

16 

21 

None. 

Right  carotid  sinus  m ..-isage  caused  a change  in  the  pacer  :J;er  to  a 
secondary  atrial  focus.  Following  Itreath-ho:  ding,  atrial  rhythm  and 
atrial  fusion  beatt  were  noted.  Breath-holding  after  hyperventilation 
pr  Khiced  an  atrial  rhythm  with  second-degree  A-V  block,  mid  A-V 
'.association  with  syncope.  Breath-holding  with  the  patient  in  the 
recumbent  position  also  pro>.i-jced  atrial  rhyrlim.  Following  atropini- 
zation,  breath-holding  produced  no  changes  from  normal  sinus  thytfon. 

17 

!9 

None. 

Viih  the  patient  first  placed  on  the  rilt-table  to  obtain  baseline  blood 

TABLE  I (Cootd.) 


Afe 

(yCftf«) 

CUaic«l  bUtoiy 

Espeiiflieocal  fiadiaga 

18 

21 

%ncope  tt  age  18. 
He  had  iafluenz:. 
and  had  heeo 
marchisg  in  the 
aun. 

Btcathdiolding  following  hypenrentilation  cauaed  a drop  in  blood 
presanre  with  progresaive  alowing  of  the  cardiac  rate  and 
ayncope. 

19 

20 

Syncope  at  8 yeara 
of  age  following 
an  injection. 

Following  prolonged  breath-holding  ihei'e  waa  A*V  diaaociation  and 
nodal  thyt'w  (rate  40/min.),  followed  by  syncope.  Following 
atropinization,  breath-holding  produced  no  changea  from  noimal 
ainua  ihyiht!.. 

20 

23 

None. 

Breath-holding  caused  a shift  in  the  pacemaker  to  a secondary  atrial 
focus.  Folio-  'r>g  atropinization,  breath-holding  produced  no 
changes  from  ' onnsl  sinus  thythm. 

21 

2! 

None. 

Breath-holding  produced  aa  immediate  slowing  of  the  pacemaker  and 
a diange  to  an  atrial  thythm.  This  was  successively  repeated  with 
breath-bolding.  Following  atropinization,  breath-holding  produced 
no  changes  from  nonnal  sinus  thythm. 

22 

21 

None. 

Occawiooal  ventricular  premature  contractions  throughout  stu<ty. 

23 

21 

None. 

Breadi-holding  resulted  in  a shift  in  the  pacemaker  to  a secondaiy 
atrial  focus.  Following  atropinization,  breath-holding  produced  no 
changes  from  normal  sinus  rhythm. 

. 24 

21 

None. 

No  findings. 

25 

20 

None. 

Breath-holding  caused  a shift  in  the  pacemaker  to  a secondary  site, 
f^ollowing  aoopinization,  breath-boldine  produced  no  changes  from 
normal  sinus  rhythm. 

26 

i 

20 

None. 

Left  carotid  sinus  massage  was  followed  by  sinus  arrest  with  nodal 
escape  beat.  Breath-bolding  caused  sinus  bradycardia  with  A-V 
block  and  nodal  escape  associated  with  a drop  in  blood  pressure 
and  syncope.  Thereafter  every  breath-holding  episode  could  cause 
a change  in  the  pacemaker  ro  an  atrial  focus.  Following  atropin- 
ization, dissociation  and  changes  in  the  pacemaker  were  noted. 
After  ade<|Uate  time  for  complete  atropinization,  the  patient 
entered  a normal  sinus  rhydim  which  persisted  despite  breathing 
maneuvers. 

27 

22 

None. 

Breath-holding  resulted  in  a shift  in  the  pacemaker  to  a secondary 
atrial  focus.  Following  atropinization,  breath-holding  produced  no 
changes  from  normal  sinus  rhythm. 

28 

21 

None. 

During  farcadi-holding  the  patient  developed  A-V  dissociation,  felt 
weak,  but  recovered.  Following  atropinization,  breath-holding 
produced  no  changes  from  normal  sinus  thythm. 
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SvIrtCCt 

No. 

(yevs) 

Qiaical  history 

29 

21 

None. 

30 

26 

None. 

31 

20 

None. 

32 

21 

None. 

33 

21 

None. 

34 

21 

At  16  and  17 
years  the  pati  nt 
had  episodes  of 
syncope  following 
long  periods  of 
reading  or  watching 
television. 

35 

21 

None. 

36 

22 

None. 

37 

22 

None. 

Espctimcncal  findings 


No  findings. 

Bre«b*holding  resulted  in  a shift  in  die  pacemaker  to  a secondary 
site  in  the  atria.  Following  atiopinization,  shifts  in  the  pace- 
maker could  not  be  induced. 

Breath-holding  was  associated  with  cardiac  slowing  and  in  the 
recovery  period,  A-V  dissociation  and  nodal  ihythm  occurred,  the 
cardiac  rate  dropping  to  44  beats  per  minute.  Syncope  resulted. 

The  patient  rested  in  the  recumbent  position  and  was  then  tilted 
to  the  vertical  position.  This  resulted  in  progressive  cardiac 
slowing,  a short  period  of  asystole  followed  by  nodal  escape  and 
syncope.  Atropinization  was  not  followed  sufficiently  long  for 
evaluation  of  atropine  effect. 

No  findings. 

Breath-holding  resulted  in  cardiac  slowing,  A-V  dissociation,  nodal 
rhythm.  Breath-holding  following  hyperventilation  resulted  in  lower 
nodai  ihythm,  A-V  dissociation.  Following  atropinization,  breath- 
holding produced  no  changes  from  normal  sinus  rhythm. 

Breath-holding  after  hyperventilation  resulted  in  a shift  in  the  pace- 
maker to  secondary  atrial  focus.  This  was  also  noted  with  breath- 
holding without  hyperventilation.  Following  atropinization,  breath- 
holding  produced  no  changes  from  normal  sinu«  rhythm. 


Ac  the  onset  of  tne  baseline  studies  with  the  patient  first  assuming  * 
the  position  on  the  tilt-table,  there  was  a shift  in  the  pacemaker  to 
nodal  rhythm  followed  by  a 5-second  period  of  asy.stole  and  syncope 
After  the  recovery  period,  breath-holding  would  produce  A-V  dis- 
sociation and  nodal  rhythm.  Near  syncope  occurred  during  the  re- 
covery period  following  breath-holding.  After  .atropinization, 
normal  sinus  rhythm  developed  and  no  further  arrhythmias  or 
syncope  could  be  induced. 

One  minute  following  right  carotid  sinus  massage  there  was  a sinus 
bradycardia  followed  by  a shift  in  the  pacemaker  to  an  atrial,  then 
nodal,  focus,  associated  with  a near  syncopal  episode.  Following 
recovery,  breath-holding  alone  was  associated  with  marked  cardiac 
slowing  and  near  syncope.  Following  atiopinization,  breath- 
holding produced  no  changes  from  normal  sinus  rhythm. 

No  findings. 
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TAHLK  I (r^jntd.) 


S«hj«ct 

No. 

Aje 

Qinical  hiotory 

j 

ExpennicatAl  findiaKs  | 

!» 

23 

None. 

Following  right  carotid  sinus  massage,  diere  was  a marked  drerrease 
in  blood  pressure  with  sinur-  bradycardia  (rate  47/min.)  and 
syncope. 

39 

21 

Syncope  occurred 
while  donating 
blood. 

Breath-holding  resulted  in  cardiac  slewing  with  shift  in  the  pacemaker 
to  a secondary  atrial  site.  During  prolonged  breath-bolding,  there 
was  a 2-second  period  of  asystole  associated  with  marked  decrease 
in  blood  pressure  and  near  syncope.  Following  atropinization, 
breath-bolding  produced  no  changes  from  normal  sinus  rhythm. 

40 

20 

%ncope  occurred 
following  injection 
of  novocain. 

Breath-holding  resulted  in  two  atrial  premature  contractions.  Breath- 
holding following  hyperventilation  resulted  in  A-V  dissociation, 
nodal  rhydini,  and  occasional  atrial  premature  contractions.  Fol- 
lowing atropinization,  breath-holding  produced  no  changes  from 
normal  sinus  rhythm. 

41 

27 

Syncope  induced  by 
blowing  against  his 
thumb  following  a 
period  of  hyper- 
▼entilati(«n. 

Breath-holding  resulted  in  A-V  dissociation  with  nodal  rhythm. 
Breath-holding  following  hyperventilation  again  resulted  in  A-V 
dissociation  with  nodal  ihythm.  Upon  espirarion,  nodal  tachycar 
dia  ensued  associated  with  a near  syncopal  episode.  Following 
atropinization,  breath-holding  produced  no  changes  Item  normal 
sinus  fhythm. 

42 

• 

22 

None. 

Breath-holding  resulted  in  a shift  in  the  pacemaker  to  a secondary 
atrial  focus.  Following  atropinization,  breath-holding  produced 
no  changes  from  normal  sinus  rhythm. 

43 

20 

None. 

Breath-holding  resulted  in  A-V  dissociation  and  nodal  rhythm. 
Following  atropinization,  breath-holding  produced  no  changes 
from  normal  sinus  ihythm. 

44 

20 

None. 

Left  carotid  sinus  massage  resulted  in  cardiac  slowing  with  a 
riiifi  in  the  pacemaker  to  a secondary  focus,  atri.il  rhythn,  nodal 
beat,  and  asystole  followed  by  syncope.  Thereafter  repeated 
episodes  of  breath-holding  resulted  in  shift  of  the  pacemaker  to 
a secondary  atrial  focus  with  atrial  ihythm,  A-V  dissociation, 
:md  nodal  rhythm.  Following  atropinization,  breath-holding 
produced  no  changes  from  no.mal  sinus  ihythm. 

45 

21 

None. 

Two  minutes  following  right  carotid  sinus  massage,  first-degree 
A-V  block  occurred  followed  by  second-degree  A-V  block,  with 
an  8-second  period  of  no  ventricular  response  followed  by  ' 
syncope. 

46 

20 

"Self-initiated” 

syncope. 

On  every  occasion  immediately  after  r^-lease  of  breath,  the  patient 
developed  A-V  dissociation  with  block.  This  did  not  recur  fol- 
lowing administration  of  atropine. 

8 
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TABLE  I (Owed.) 


Ag« 

(r««s) 

Qioical  biwofy 

Eapetiacatal  fiadiafs 

47 

19 

Syncope  at  age  14 
while  iaceratioa 
was  bdng  sutured 
and,  on  anodier 
occasion,  fdlowing 
venipuncture. 

At  the  onset  of  baseline  studies  when  the  patient  Erst  assumed  the 
position  on  a dlt-table,  A-V  dissociation  with  nodal  rfiythm  oc- 
curted  followed  by  syncope.  Fotty*one  seconds  following  ri^t 
catotid  sinus  massage,  thete  was  a period  of  asystole  followed 
by  syncope.  Breatb*boiding  was  not  done  in  diis  instance. 

48 

21 

None. 

Breath-holding  lesulted  in  a shift  of  the  pacemaker  to  secondary 
atrial  focus.  Thirty  seconds  aftet  left  evotid  simts  massage,  ther- 
was  marked  catdiac  slowing  with  nodal  rhythm  and  syncope.  There- 
after breath-holding  produced  nodal  rhythm  with  syncope.  Fol- 
lowing attopinization,  bteath-holding  produced  no  changes  fnim 
normal  einus  rhythm. 

49 

21 

None. 

No  findings. 

19 

Syncope  at  the 
1*A  mile  maifc 
while  mnniag  a 
2-aule  race. 

No  findings. 

A-V  immttiUmtf  ihtt  *•  iatMiMa  <*l  Maniac.  ^ m *•  iaidal  aao»ia«  ««•«• 

All  mmwrm*  te  t««  W!  acnpisssMidft  wtte  pethmtA  «s  6 «f  f»ff  »lttt  ikitAfWMs  t^mimvttwaiom  is  owtt  *&  »»wd  OMnfzai  **n)r 

vmHmt  *I(kx«  #1  ayciff  ywcaliita. 


• previMS  piper  (3),  tfce  respiratory  reflexes 
oliicii  oct(iMCe  froai  stretcii  receptors  within 
the  Innfs  sdiaalste  the  ssaie  efferent  reflex 
psthwnjrs  that  are  stiswlated  by  die  cniotid 
sinas  afferent  aenres.  Than,  one  dioold  expect 
both  vaaotlepressor  and  cardiac  anhythaiia 
responses  when  the  respiratory  stretch  reflex 
is  stianlated.  In  this  series,  the  cardiac  ar* 
ih3rthauas  seem  to  be  a major  factor. 

Another  interesting  fining  was  that  cardiac 
anhydunias  were  not  indaced  in  any  case  by 
respiratory  sMaeasers  following  the  adaunis* 
trattoa  of  atropine.  This  strongly  saggests  that 
adeqante  ntropinization  provides  a protective 
mechanism  against  the  developnwnt  of  cardiac 
arrhythmias  by  stress  procedures.  It  follows 
diat  previous  experimentauon  which  has  uti* 
lixed  orthostatic  tests  with  the  concomitant 
administration  of  atropine  has  protected  the 
ei^eriaicatal  subject  from  demonstrating  cardiac 
arrhythmias  (4,  5).  It  seems  that  not  only  may 
atropine  aa  to  produce  s3racope  by  crr'''ing 
visceral  pooling,  bat  it  may  also  prevent  syn* 
cope  by  abolishing  vagal  reflexes  which  cause 
cardiac  inhibition  and  result  if.  cardiac  arrhyth* 


sua.  The  intravenous  administration  of  atropine 
warded  off  impending  syncopal  episodes  on 
several  occasions  in  subjects  of  this  series. 

One  aught  ask  what  role  shifts  in  electrolytes 
might  have  played  in  the  cardiac  anhydunias 
precipitated  by  respiratory  maneuvers.  It  is 
pertinent  to  point  out  that  cardiac  arrhythmias 
were  induced  in  subjects  by  prolonged  breath* 
bolding  and  also  by  breath-bolding  at  the  height 
of  inspiration  following  hyperventilation.  In  the 
former  instance  with  prolonged  breath-holing, 
carbon  dioxide  retention  should  result  in  a 
tendency  toward  respiratory  acidosis.  In  the 
latter  instance,  hyperventilation  diould  tend 
toward  respiratory  alkalosis.  Regardless  of 
these  two  extremes  in  the  assumed  chmige  in 
dectrolyte  pattern,  cardiac  arrhytnmia  was 
induced. 

A point  of  some  interest  in  this  series  was 
the  absence  of  syncope  occurring  immediately 
with  breath-holding  at  the  height  of  inspiration. 
Two  subjects  in  the  previously  reported  series 
of  syncope  patients  (5)  did  present  this  finding. 

The  subjects  of  the  current  study  are  not 
entirdy  comparable  to  those  previously  studied 
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Tt  >:  I ms  IS  a continuous  lead  III  taken  within  ) minutes  after  standing  on  the  tilt-table  iupng 
arrest  with  escape  beats  occurred  and  syncope  followed.  Artifact  of  muscle  tremor  is  present, 
t was  tilted  to  the  recumbent  position  and  recovered. 
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FIGURF  2 

Subject  35:  The  top  strip  demonstrates  baseline  lead  ll  in  the  recumbent  position.  The  remaining  tracing 
ts  a continuous  lead  ll  within  3 minutes  after  being  tilted  to  upright  (90°)  position.  Sinus  arrest  with  nodal 

escape  and  slow  nodal  rhythr.  .>  demonstrated.  This  occurred  at  the  onset  of  baseline  studies  to  begin  the 
procedures.  * 
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FIGURE  3 

A.  Subject  6:  Continuous  lead  II  demonstrates  period  of  cardiac  arrest  terminated  by  escape  heats  and 
transitory  atrial  flutter.  This  episode  occurred  2 minutes  after  carotid  sinus  massage  with  the  patient 
standing  on  the  tillable  (9CP). 

B.  Subject  6;  Continuous  lead  II  after  tilting  to  the  horizontal  position  demonstrates  atrial  rhythm.  The 
second  strip  shows  atrial  rhythm  with  A-V  dissociation.  Note  inverted  P-wave  just  en.crging  before  the 
last  QRS  event. 


ff  *t  I • »tt  I ''ttf  m ?•* 


mm 


;;jprjiwn;n-Rj.*’^=^= 


u<ii 


fr*  - ’nu*'  ♦’^tfTTriamBrWT ^ ttstr  r;:  ''  . 

w«a*J:aEsa,i  ‘ " ^ " 




ttstr  »:  '■  ,;i 




■ mmWn 

■^ataiifcJS^^K;^feaBaw  !'■*■  "‘‘  ■ -'•  ■•*" 


E«!'»=H3SaHiarffiSrai  . 

iiPii^iiiiiigiilSPy 

^ nn-'  ::\npaxrrn  r»;;t  ^^rTnffia  gg;r 


MMlgi 

nfaisujte*  i«sa  u I 


aimnmnc 

_^SSSI:fe|5 

fy^lpwirwn 

^-.r._,tt»a;;;ci.  4n.  a..,  . 


mmmmi 


FIGURF  4 

A-  Subject  9;  A-V  block  occurs  just  at  the  height  of  inspiration  and  onset  of  breath-holding 

B,  Subject  9:  More  persistent  second  degree  A-V  block  during  prolonged  breath-holding. 

C.  Subject  10:  Continuous  lead  II  demonstrates  a change  in  the  pacemaker  occurring  with  breath-holding. 


D.  Subject  3:  Lead  lit  demonstrates  aHal  rhythm  and  A-V  block  precipitated  by  breath-holding  following 
hyperventilation. 
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B,  Subject  33;  Continuous  lead  II  demonstrates  lower 
nodal  rhythm  induced  by  breath-holding  after  hyperven- 
tilation. 


FIGURE  5 
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FIGURE  6 

Subject  41:  Lead  II  demonstrates  nodal  rhythm  and  burst  of  nodal  tachycardia  induced  by  hreath^holding  after 
hyperventilatioru 
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as  they  obviously  represent  a somewhat  younger 
age  group.  It  is  well  known  that  differences 
in  vagotonia  occur  with  different  age  groups. 
Marked  sinus  arrhythmia  is  more  prone  to  occur 
* in  the  younger  individual.  Whether  this  is  a 
significant  difference  in  the  two  groups  studied 
to  date  is  not  known. 

It  is  apparent  from  the  study  of  this  small 
group  of  aviation  cadets  that  the  incidence  of 
clinical  syncope  in  cadet  applicants  is  consid- 
erably higher  than  has  been  previously  sup- 
posed. Much  needs  to  be  done  before  any 
statement  can  be  made  concerning  selection 
technics  to  predict  the  future  occurrence  of 
syncope  in  any  individual.  It  is  highly  signif- 
icant that  14  individuals  who  presented  exper- 
im.mtal  syncope  by  currently  used  procedures 
had  apptr  wly  never  experienced  syncope  on 
any  other  occasion.  On  the  other  hand,  subjects 
who  had  previously  experienced  svneope  could 
not  be  identified  by  use  of  these  experimental 
procedures.  An  individual  may  be  temporarily 


syncope-prone  (e.g.,  as  a result  of  recent  ex- 
cessive rapid  weight  loss)  and  not  be  syncope- 
prone  subsequently. 

CONCLUSION 

Fifty  young,  apparently  healthy  aviation 
cadets  in  preflight  training  were  evaluated  with 
regard  to  syncope.  Thirty  percent  of  these  sub- 
jects admitted  that  they  had  experienced  previ- 
ous, undisclosed  syncope,  when  they  were  not 
in  fear  of  detection  or  removal  from  the  training 
program.  Twenty-cne  of  the  cadets  experienced 
experimental  syncope  during  the  syncope  proce- 
dures. Cardiac  arrhythmia  was  frequentl)  asso- 
ciated 'with  the  syncopal  episode  and  cardiac 
.irrhythmia  was  frequent!}  induccti  by  respira- 
tory maneuvers  without  syncope.  Intravenous 
administration  of  at. opine  .ipparently  preventeo 
recurrence  of  cardiac  arrhythmia  induced  by 
respiratory  maneuvers.  Significant  cardiac 
arrhythmia  was  also  noted  in  simple  or'hostatic 
syncope. 
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